Abstract: Human-used antibiotics are eliminated from the body with little or no transformation at all. Traces of eliminated antibiotics enter the receiving environment directly since they cannot be treated in prevalent wastewater treatment facilities. Thus, wastewaters containing traces of antibiotics have to be treated accordingly. Lincomycin is subsequently isolated from Streptomyces lincolnensis. Lincomycin and its derivatives are antibiotics exhibiting biological activity against Gram-positive bacteria, and are natural antibiotics in the environment as pollutants. This study aims to predict the degradation mechanism of lincomycin molecule in the gaseous phase and aqueous media. Probable reaction path of lincomycin molecule with OH radicals was analyzed. Optimized geometry was calculated via Gauss View 5. Subsequently, the lowest energy status was determined through geometric optimization via Gaussian 09 program. Aiming to determine the intermediates in photocatalytic degradation mechanism of lincomycin, geometric optimization of the molecule was realized through DFT method. Activation energy for the probable reaction path was calculated, and their most stable state from the thermodynamic perspective determined for the gaseous phase and aqueous media. Impact of water solvent was investigated using the conductor-like screening solvation model (COSMO). The predicted mechanism was confirmed by comparison with experimental results on simple structures reported in literature.
INTRODUCTION
Demand for antibiotics in the world is growing continuously. The threat of infectious diseases has been considerably decreased through antibiotics since their discovery in the 20 th century. Deaths from diseases that were once prevalent and fatal decreased dramatically through the combination of the so-called "miracle drugs" and improvements in sanitation, housing, food, and the occurrence of REACTION 
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In its reactions with organic molecules,
• OH behaves as an electrophile whereas O
• -is a nucleophile. Thus,
• OH readily adds to unsaturated bonds while O
• -does not. Both forms of the radical abstract H from C-H bonds and this can result in the formation of different products when the pH is raised to a range where O
• -rather than • OH is the reactant. For example, if an aromatic molecule carries an aliphatic side chain, O
• -attacks there by H abstraction whilst • OH adds preferentially to the aromatic ring. 19 Hydroxyl radical which is the most reactive type known in biological systems reacts with every biomolecule it encounters including water. Potentially, every biomolecule is a hydroxyl radical scavenger but at different speeds. 20 Aromatic compounds are good detectors since they can be hydroxylated. In addition, the position of attack to the ring depends on the electron withdrawal and repulsion of previously present substituents. The attack of an aromatic compound by any hydroxyl radical results in the formation of a hydroxylated product. 21 This study aims to predict the degradation mechanism of the lincomycin molecule in the gaseous phase and in aqueous media. The probable reaction path of lincomycin molecule with
• OH was analysed through the density functional theory (DFT) method.
COMPUTATIONAL SET-UP AND METHODOLOGY
Computational models
The models of the molecules were formed by the use of the mean bond distances and the geometric parameters of the benzene ring. Tetrahedral angles were used for the sp 3 -hybridized carbon and oxygen atoms and 120° for the sp 2 -hybridized carbon atoms was used in the computational modelling. The aromatic ring was left planar, excluding the position of attack. Due to the change in the hybridization state of the carbon at the addition centre from sp 2 to sp 3 , the attacking
• OH was presumed to create a tetrahedral angle with the C-H bond. 22 
Molecular orbital calculations
In photocatalytic degradation reactions of lincomycin, it is possible that products more harmful than those in the original material could be formed. Therefore, before experimentally realizing a photocatalytic degradation reaction, it is essential to know the nature of the primary intermediate products. The most reliable and accurate information is gathered through calculations realized with quantum mechanical methods. Thus, since the yield produced was the same, photocatalytic degradation reactions of lincomycin and its hydroxy derivatives are based on the direct reaction of these molecules with
• OH. With this aim, the kinetics of the reactions of lincomycin with
• OH were theretically analysed. The study was initiated with lincomycin and then exposed to reaction with
• OH and the reaction yields were modelled in the gaseous phase. Experimental results in the scientific literature showed that
• OH detach a hydrogen atom from saturated hydrocarbons, and • OH is added to unsaturated hydrocarbons and materials with this structure. 23 For this purpose, all possible reaction paths for the analysed reactions were determined. For every reaction path, molecular orbital calculations of the reactant, yield, transition state complexes were performed with the density functional theory (DFT) and their molecular orbital calculations were realized and their geometries optimized. In order to explore the conformational landscape of the _________________________________________________________________________________________________________________________ (CC) 2017 SCS.
molecules, a potential energy surface scan was performed along the torsional coordinates mentioned above in a relaxed manner (i.e., all other geometrical parameters were optimized at each point) for both conformers. The scan was calculated using the B3LYP/6-31G* method. 24 
Kinetic data treatment
The aim of this study was to develop a model providing the outcome of the yield distributions of the photocatalytic degradation reactions. The vibration frequencies, the thermodinamic and electronic features of every structure were calculated using the obtained optimum geometric parameters. Subsequently, based on the quantum mechanical calculation results, the rate constant and activation energy (E a ) of every reaction was calculated at a temperature of 25 °C.
In order to enable the calculation of the rate constant, it is necessary initially to calculate the partition function of the activated complex. To realize this calculation, it is essential to know the geometry of the complex and the moments of inertia. In addition, E a should be known in order to determine the rate constant. The activation energy, as the vibration frequency, can only be calculated quantum mechanically.
The most probable reaction path and the yield distribution of the reaction of • OH for every molecule were determined by comparing the obtained results. The optimized geometric structures were drawn via GaussView 5, and the calculations were realised within the Gaussian 09 programme packet. 25 
Methodology
The investigated reaction system was composed of • OH, which are open-shell species. It is known that open-shell molecules cause severe problems in quantum mechanical calculations. The self-consistent field method (SCF) calculation will proceed for an open-shell case in the same way as for a closed-shell case. However, since two sets of equations have to be dealt with, at each iteration, the program has to consider, either simultaneously or successively, the closed-shell and the open-shell equations. In this respect, the computational burden could be two-times larger for an open shell than that for a closed-shell. Another point raised in connection with the optimization of the SCF process for open-shell molecules is the relative intricacy of the sequence of calculations for the closed-shell Hamiltonian and the open-shell Hamiltonian. 26 Thus, DFT method with the Gaussian 09 programme was used in order to perform geometry optimization of the reactants, the product radicals, and the pre-reactive and transition state complexes. 25 DFT methods, taking the electron correlation into account, use the precise electron density to calculate molecular properties and energies. Spin contamination does not affect them and hence, for calculations involving open-shell systems, they become favourable. DFT calculations were made by the hybrid B3LYP functional combining the HF and Becke exchange terms with the Lee-Yang-Parr correlation functional. 22 It is essential in such calculations to choose the basis set. Based upon the obtained results, optimization in the current study was carried out at the B3LYP/6-31G(d) level. In the determination of the transition states, the forming C-O bonds in the addition paths and the H-O bond in the abstraction path were chosen as the reaction coordinates. By using frequency analyses at the same level, the ground state and transition state structures were approved. For the characterization of transition structures, one imaginary frequency that belonged to the reaction coordinate was set, subtending to a first-order saddle point. The zero-point vibrational energies (ZPEs) were measured at the B3LYP/6-31G(d) level. 22 
Solvent effect model
The energetics of the degradation reactions of all organic compounds are affected by water molecules in aqueous media. In addition, geometry relaxation on the solutes is induced by H 2 O. On the other hand, it was indicated in previous studies that there is an insignificant effect of geometry changes on the energy of the solute for both open-and closed-shell structures. 27 In this study, DFT/B3LYP/6-31+G(d) calculations were realised for the optimized structures of the reactants, the pre-reactive and the transition state complexes and the product radicals, by using the COSMO (conductor-like screening solvation model) as the solvation method in order to consider the effect of H 2 O on the energetics and the kinetics of lincomycin +
• OH reactions. Water at 25 °C was used as a solvent with dielectric constant, ε = 78.39. 28 The COSMO method explains the solvent reaction field through apparent polarization charges distributed on the cavity surface, determined by presuming that the total electrostatic potential cancels out at the surface. The solvation in polar liquids can be described by this condition. Therefore, this method was chosen to be appropriate for the present study. 28 
RESULTS AND DISCUSSION
As seen in Table I , according to the analysis performed with the degradation method, the conformer with the lowest energy, i.e., the most durable conformer of the lincomycin molecule, is the one obtained through the 2.2 pathway. In other words, degradation obtained through the 2.2 pathway is easiest, in the sense, of having the lowest energy path. The probable degradation paths of lincomycin were determined to be N-C, C-S and C-O bond parts. Reaction centres can be explained through Mulliken charge distribution of the molecule. According to the data in Table II , the degradation reaction occurred due to the electronegativity of S, N, and O. According to the data in Table II, are given in Fig. 1 . The hydroxyl radical, being a very active species, has a strong electrophilic character. Once it is formed, it is ready to attack the lincomycin molecule and produce reaction intermediates. As seen from different angles in an optimized form, lincomycin molecule (L 0 ) has a conformation far from a planar structure in terms of geometric shape (Fig. 2) . The bond length of S atom to C atom in CH 3 group was found to be S-C 1.82742 Å, its bond length to C atom in the closed ring was found to be S-C 1.8516 Å, and the bond angle it created was determined as C-S-C 99.44260°. Bond lengths in the area of degraded L 211 fragment were C=O 1.25848 Å, C-C 1.43762 Å, C-N 1.38830 Å; the N-C-C bond angle was 120.21676°. The subsequent fragment is L 222 . Bond lengths in the area of the degraded L 222 fragment 
CONCLUSIONS
In this study, the most probable reaction paths when an • OH is added to lincomycin were determined. When the Mulliken charges in Table II Table I . The fragment L 222 was found to be the one with the least energy in the degradation paths of the molecule, i.e., the most stable fragment. This fragment is generated by bond rupture of the close ring to which the electronegative N is bound. The total energy of the product was calculated as -1257.4228785 Ha for the gaseous phase and -1257.4428949 Ha for the aqueous phase. The fragment generated because of bond rupture due to the electronegativity of N and O atoms was called L 223 . The total energy of the product was calculated as -1144.0846754 Ha for the gaseous phase and -1144.0964429 Ha for the aqueous phase. The fragment generated with the separation of electronegative NH 2 group was called L 224 . The energies of the formed product for the gaseous and aqueous phases were -1088.7336272 and -1088.7537095 Ha, respectively. Due to the electronegativity of the O atom in the closed ring of the formed fragment, the bond ruptured and L 16 fragment was formed. The energies of the formed product for the gaseous and aqueous phases were -1089.9475657 and -1089.9543748 Ha, respectively. The smallest fragment was L 17 , which was transformed into harmless substances of the antibiotic solved in water. The total energies of the product for the gaseous and aqueous phases were calculated as -691.7740044 and -691.7684783 Ha, respectively.
As a result, degradation process requires energy.
• OH are used to degrade antibiotic substances in water. As seen in the obtained fragments, lincomycin was degraded into L 17 and became harmless to the environment. The aim of this study was to elucidate possible modes of lincomycin degradation mixed in water into the smallest fragment, and remove it from water resources. As also seen in the results, the degradation occurred theoretically.
